Several antibiotics were evaluated in model infections produced in mice with each of two strains of Fusobacterium necrophorum. In one model, local abscesses occurred at the site of subcutaneous injection; in another intra-abdominal abscesses were produced when the organisms were injected into the peritoneal cavity. Treatment with effective antibiotics prevented the formation of abscesses or minimized the size of the lesions. Several treatment schedules were used. Minocycline was the most active antibiotic of the seven agents tested against both strains and in both models. Clindamycin was equal to minocycline against one strain with certain multiple dose treatment schedules and less active with others. Protective effects in mice were achieved with serum levels of minocycline and clindamycin that appear to be clinically achievable. Doxycycline was less active than minocycline, and tetracycline was relatively ineffective, as were cephalexin, ampicillin and penicillin G.
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Infections with anaerobic organisms are being reported with increasing frequency since isolation methods have been improved. Fusobacteria, either alone or with other bacteria, have been associated with metastatic abscesses affecting abdominal and pelvic cavities, the liver, lung and pleural spaces, as well as septicemia (2, 3, 6, 8) . The high mortality rate due to Fusobacterium necrophorum was reported as early as 1935 (3) . More recently, Gelb and Seligman reported that among the major anaerobic species associated with human infection is Fusobacterium (Sphaerophorus) necrophorum (5 (7) . Single species produced disease in a small percentage of animals; the percentage was increased by the injection of combined species. Antibacterial agents were not evaluated in this report. Later in 1974, Wilkins and Smith reported on the efficacy of antibacterial agents in a mouse model in which disease resulting in death was produced by a single strain of F. necrophorum isolated from a case of sheep foot rot (9) .
In this report we describe mouse models in which minocycline was the most effective of seven agents against either local abscesses or metastatic intra-abdominal abscesses produced by either of two strains of F. necrophorum isolated from human clinical cases.
MATERIALS AND METHODS
Cultures. The two strains of F. necrophorum, no.
606 and 1260, were clinical isolates received from Vera L. Sutter, Veterans Administration (Wadsworth) Center, Los Angeles, Calif.
All cultures were prepared in fresh media. Broth cultures were made in fluid thioglycollate medium (135-C, Baltimore Biological Laboratories) supplemented with 0.5% yeast extract, hemin (5 Ag/ml) and menadione (1 ug/ml), except where indicated. Trypticase soy agar (BBL) or Mueller-Hinton agar supplemented with 5% rabbit blood was used for plate cultures. All cultures were incubated at 37 C in GasPak jars. 18 to 20 g were used in these studies.
Infection. After preliminary tests showed that the cultures produced abscesses in mice from which the organisms could be isolated in pure culture, the following procedure was established for the preparation of inocula for infection. Purulent material from a well-isolated abscess was transferred aseptically to 421 ANTIMICROB. AGENTS CHEMOTHER tubes of broth and streaked on blood agar plates. A set of cultures was incubated anaerobically and another set aerobically. After 24-h incubation, the cultures were checked for purity, and 1 ml of the anaerobic broth culture was transferred to 100 ml of fresh thioglycollate broth. After 18 to 20 h of incubation in a GasPak jar, the culture was diluted in broth to contain approximately the required number of bacteria per milliliter by measurements of optical density. The viable count was estimated from colonies developing from duplicate 0.1-ml samples of 10-fold dilutions of the culture spread on blood agar plates after 48-h anaerobic incubation. The diluted culture was used immediately to infect mice by injecting 0.5 ml either subcutaneously at the base of the tail or intraperitoneally. Untreated control mice were infected at the beginning and at the end of the infecting period. During the course of this study no significant increase in virulence was detected.
Treatment. The antibiotics were dissolved or suspended in 0.2% aqueous agar. A dose was contained in 0.5 ml and administered by gavage or injected subcutaneously. In each test, five to ten mice were treated at each dose level. The data from two or three separate tests were pooled for the estimation of median effective doses by probit analysis (4).
In vitro antibiotic susceptibility. Minimal inhibitory concentration values were determined by the agar dilution method. Twofold dilutions of drug were incorporated in brain heart infusion agar supplemented with 5% rabbit blood. The agar surfaces were inoculated with 10-2 dilutions of 24-h-old broth cultures of the organism applied with Steer multiple inocula replicator. After 48-h incubation in a GasPak, the lowest concentration of drug showing no macroscopic growth was recorded as the minimal inhibitory concentration.
RESULTS
In vitro susceptibility to antibiotics. Both strains of F. necrophorum were susceptible to relatively low concentrations of the seven antibiotics in an agar dilution test (Table 1) .
F. necrophorum strain 606 subcutaneous infections. The injection of approximately 1 x 106 to 5 x 106 viable units of strain 606 subcutaneously at the base of the tail resulted in lesions at the site of injection in 95 to 100% of An effective antibiotic produced a dose response to the intraperitoneal infection (Table  4) . Median effective doses are summarized in Table 5 . Although the treatment schedules represent different groups of tests, it appears that nine oral doses were more effective than five oral doses. Again minocycline was the most active. Clindamycin was about equal to minocycline when nine doses were administered but only one-third to one-half as active when five doses were used. With the nine-dose schedule, minocycline was twice as active as doxycycline and five times as active as ampicillin and at (Table 6 ). Minocycline was the most effective antibiotic against both the subcutaneous and intraperitoneal infections with strain 1260 (Table 7) . Lower doses were required for protection against this strain than for the strain 606 infections. Clindamycin was only one-eighth to one-fourth as active an minocycline; doxycycline about one-tenth as active, and tetracycline, ampicillin, and cephalexin less than one-sixteenth as active as minocycline.
Serum concentrations in mice. The serum concentrations in mice following single oral doses of 128 mg of four antibiotics per kg are shown in Table 8 . Minocycline produced the highest peak level and was well maintained, as was doxycycline. Tetracycline produced relatively low concentrations. Since the protective effects of minocycline were generally associated with doses of less than 128 mg/kg, it can be concluded that protection was afforded with maintained levels of less than 4 ,ug/ml, which are readily achieved in man with much lower doses. Clindamycin produced the lowest blood levels of the four drugs; protection in mice was associated with serum concentrations that are also readily achievable in man.
DISCUSSION
In a recent report concerning the serious problems that intra-abdominal abscesses presented in the clinic, Altemeier et al. emphasized that anaerobes are of greater frequency and importance than aerobes (1). Antibacterial agents have been evaluated for efficacy against aerobic bacteria by both in vitro and in vivo methods, but until the recent report of Wilkins and Smith (9) only in vitro methods were used for evaluation against anaerobic bacteria. Our mouse models offer a practical method for the evaluation of antibacterial agents against an anaerobic infection. Two models are described.
The subcutaneous infection offers the advantage of permitting the evaluation of activity without necropsy. On the other hand, the intraperitoneal infection, with the 606 strain at least, required lower doses of drug for effect, thus permitting the detection of activity of drugs of lower potency, as in the case of ampicillin ( Table 5 ). The relative efficacies of the drugs were in general similar in the two models. In neither model did the in vivo activity reflect the in vitro potency of the antibiotic. The pharmacodynamics of an agent in the animal are important. Thus in the mouse, particularly against a localized chronic infection, the maintained serum concentration and the concentration of the drugs at the site of infection is to be considered as well as the inherent susceptibility of the infecting organism. On a dosage basis, minocycline was clearly the most active drug of the seven agents tested in both models and against both strains of F. necrophorum. On the basis of serum concentration, clindamycin was more active than minocycline. With both drugs, however, the doses associated with protective effects produced serum concentrations readily achievable in man with lower dosages. Although less frequently than Bacteroides fragilis, Fusobacterium is encountered in clinical infections. As yet we have no suitable animal model for the study of antibiotic effects against Bacteroides infection. Our models with Fusobacterium, however, demonstrated the effectiveness of clindamycin and the superiority of minocycline over doxycycline and tetracycline against an anaerobic infection in which abscess simulating the clinical disease were involved. More recently we observed that metronidazole was also effective in our models. ACKNOWLEDGMENTS I am grateful to Caroline Clancy and Gary Wilson for technical assistance and to Emil Pelcak and Penelope Smith for the assay of serum samples.
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